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• STEP 2: Tissue-Specific Dictionaries Learning m=vessel, GM, WM, CSF
• Patches with 50% or more pixels in class i are used for training dictionary D i .
• Use online dictionary learning.
• STEP 3: Weighted Sparse Deconvolution
• Reconstruct the CBF map for each tissue class using the respective dictionary.
• Weighted sum for each pixel based on the classification probability map.
• Learned Dictionaries the noise is greatly suppressed in the low-dose CBF maps for both enhancement algorithms, KSVD-SPD tends to smooth the image too much, especially the non-vessel structures. Our TS-SPD algorithm overcomes these drawbacks and preserves both the vessel boundaries and the low-contrast structures of WM and CSF with tissue-specific dictionaries and adaptive parameter settings for each tissue class. Asymmetry: To visualize the asymmetry in the left and right middle cerebral artery in Fig. 3 , we compute the intensity difference maps between LMCA and RMCA for three methods, as shown in Fig. 4 . The intensity difference map of cTSVD is too noisy to identify the asymmetry of LMCA and RMCA vessel structures, while KSVD-SPD blurs the details of the vessel structure. The proposed method generates the difference map with better contrast and spatial resolution for diagnosis of asymmetry in LMCA and RMCA.
Quantitative comparisons: We report the PSNR (peak signal-to-noise-ratio) values for two cases in Fig. 3 and all testing subjects on the whole brain, GM and WM in Table 1 . The GM and WM are the tissue regions in the brain affected by stroke and other ischemic processes. The proposed method again achieves the highest PSNR (usually 2⇠3 dB higher) in all cases, allowing for better discrimination ability of these brain regions, by preserving the tissue structures for differentiation of infarct core and ischemic penumbra in specific regions of the brain assisting neuroradiologists in diagnosis. Ischemic voxels clustering: We also perform the clustering experiment as in [3] by aggregating all voxels (within VOI) from the normal hemisphere into a single "normal" cluster and the pathologic hemisphere into an "abnormal" cluster. To quantify the separability between normal and ischemic CBF values, we define the distance between these two clusters as:
2 /n 2 , where m 1 , m 2 are the means, and 1 and 2 are the standard deviations of CBF in the normal and ischemic clusters, n 1 and n 2 are the number of normal voxels ischemic voxels, respectively. We hypothesized that our TS-SPD algorithm to produce larger distance d, that is, to more definitely differentiate between normal and ischemic tissues. Table 2 shows the distance between normal and abnormal clusters for the two cases in Fig. 3 and all subjects with CTP deficits. TS-SPD separates the two clusters with greatest distance. One-tail paired t-test yields p = 0.051 between cTSVD and KSVD-SPD, and p = 0.015 between KSVD-SPD and TS-SPD.
Conclusion
In this paper, we have proposed a novel tissue-specific dictionary learning and deconvolution approach for CBF perfusion map enhancement in low-dose cerebral CTP. We 
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